This experiment aimed at evaluating the influence of different heating times of settable eggs of Cobb 500 ® broiler breeders before submitting them to different storage periods on egg weight loss, embryo mortality, and hatchability. A total number of 1,980 eggs were distributed in a completely randomized experimental design with a 3 x 3 factorial arrangement, comprising nine treatments with 22 replicates of 10 eggs each. The following factors were analyzed: pre-storage heating periods (0, 6, 12 hours at 36.92°C) and storage periods (4, 9, 14 days at 12.06°C). After storage, eggs were incubated under usual conditions, and were transferred to the hatcher at 442 hours of incubation. Eggs were weighed before heating, incubation, and transference to determine weight loss. Partial hatchability was determined at 480 hours, and total hatchability at 498 hours of incubation. Embryo mortality was determined in non-hatched eggs. It was concluded that heating eggs for six hour before storage improves incubation results as it decreases incubation length and late embryo mortality, therefore its use can be indicated in commercial operations. Storing eggs for 14 days and preheating for 14 days and pre-heating for 12 hours severely impair incubation results, and therefore are not recommended.
INTRODUCTION
A common practice in commercial breeder farms and hatcheries is to store eggs from one to four days to obtain the amount of eggs required for the normal flow of the incubation process. However, sometimes eggs need to be stored for longer than a week. Optimal egg storage conditions depend on the proper control of environmental temperature and air relative humidity, air renewal, turning frequency, breeder flock age, breeder genetic line, time of egg collection, and storage time. Some of these factors present interactions, and further studies are required to determine the optimal egg storage conditions (Fasenko et al., 1992; Meijerhof et al., 1994; Ruiz & Lunam, 2002; Tona et al., 2003) .
Longer storage periods lead to longer incubation, impairing embryo development and livability, hatchability, and chick quality and weight (Christensen et al., 2002; Ruiz & Lunam, 2002; Elibol et al., 2002; Tona et al., 2003) . These conditions result from the deterioration of internal egg quality. Albumen pH increases with storage time, and this effect is more pronounced in young breeder eggs (Lapão et al., 1999) . Albumen height decreases with storage time and breeder age (Lapão et al., 1999) and yolk sac membrane elasticity decreases with storage time (Jones & Musgrove, 2005) . Embryo mortality during storage is highly related with egg weight loss, and increases with storage time (Fasenko et al., 1992; Nahm, 2001) .
Before lay, the embryo blastoderm starts to differentiate in two germ layers, starting gastrulation (Gonzales & Cesario, 2003) .
As eggs remain at room temperature after lay, embryos stop developing at a stage characterize by the complete formation of zona pellucida, but later, as temperature and relative humidity increase during incubation, embryo development is resumed (Fasenko et al., 2001a) . However, there is higher embryo livability and hatchability, and shorter incubation when hypoblast stage is achieved before long storage periods. Before storage, heating chicken eggs for six hours (Fasenko et al., 2001a) or turkey eggs for 12 hours (Fasenko et al., 2001b) allows the complete formation of hypoblast. Therefore, pre-storage heating could improve the incubation results of eggs stored for long periods of time (Kraszewska-Domanska & Pawluczuk, 1977; Fasenko et al., 2001a,b; Renema et al., 2006 ). An experiment was carried out to evaluate the effects of 0, 6, or 12 hours of heating fertile eggs of broiler breeders before 4, 9, or 14 days of storage on egg weight loss, embryo mortality, incubation length, and hatchability.
MATERIAL AND METHODS
A total number of 2,130 fertile eggs produced by a 44-week-old Cobb 500 ® breeder flock was collected in a commercial farm located in the region of São Carlos, SP, Brazil, and transported to the experimental hatchery. Out of the total number of collected eggs, 1,980 eggs were distributed in a completely randomized experimental design in a 3 x 3 factorial arrangement, with three pre-storage heating periods (0, 6, and 12 hours at 36.92°C) and three storage periods (4, 9, and 14 days at 12.06°C), summing up nine treatments with 22 replicates of 10 eggs each. Eggs were collected directly from the nest during the second daily collection in order to ensure lay time uniformity. In order to incubate all eggs at the same time, eggs were collected in three five-day intervals, representing the three storage periods (4, 9, and 14 days). Therefore, the first collection corresponded to eggs stored for 14 days; the second to eggs stored for nine days; and the third to eggs stored for four days. Immediately after collection, eggs were disinfected by simple fumigation with 7.7g paraformaldehyde/m 3 for 15 minutes, and transported to the experimental hatchery (Poultry Sector, University of São Paulo, Piracicaba, SP), where they were submitted to simple fumigation with 20mL liquid formaldehyde for 20 minutes, identified, weighed in pools of ten eggs, and randomly distributed into the treatments. Average time between egg collection and beginning of the experiment was four hours. Out of the 710 eggs obtained in each collection, 50 were selected at random to evaluate internal and external egg quality, using weight, apparent density, eggshell thickness, and albumen, yolk, and eggshell percentages.
Pre-storage heating for six and 12 hours (depending on treatment) was carried out in an Avimatic ® with 14.400-egg capacity at an average temperature of 36.92°C and relative air humidity of 61.33%. After heating, eggs were kept at room temperature for one hour. Eggs were then stored in a chamber at 12.06°C and 76.5% relative air humidity for the periods corresponding to the treatments. After storage, eggs were maintained at 21.33°C and 75.6% air relative humidity for five hours before incubation. Eggs were incubated in an Avimatic ® incubator for 442 hours (18 days and 10 hours) at 37.61°C average temperature and 55.9% relative air humidity. Eggs were turn hourly. Eggs were fumigated with paraformaldehyde (15g for 15 minutes) at 12 hours and seven and 14 days of incubation. At 442 hours of incubation, eggs were transferred to an Avimatic ® hatcher at 36.37°C average temperature and 60.7% average air relative humidity. When eggs were transferred from the incubator to the hatcher, the number of eggs with cracked shells was recorded to determine the percentage of pipped eggs.
All eggs were weighed before heating, incubation, and transference to the hatcher to evaluate the effects of treatments on egg weight loss.
In order to determine incubation length, newlyhatched chicks were removed from the hatcher in two periods, as chicks hatched. In some treatments, more than 50% of the chicks hatched at 20 days of incubation, and therefore these were removed in the first period, and hatching percentage at 480 hours was recorded for all treatments. Total hatching percentage was determined at 498 hours of incubation. Nonhatched eggs were submitted to embryo diagnosis to determine the percentages of early (1 to 7 days of embryo development), intermediate (8 to 14 days of embryo development), and late (15 to 21 days of embryo development) embryo mortality.
Data were verified as to the presence of outliers, variance homogeneity, and error normality. After these assumptions of the model were verified, data were submitted to analysis of variance using the General Linear Model procedure of SAS ® version 8 (1999). When significantly different, means were compared by the test of Tukey at 5% probability. Pipped eggs and early, intermediate, and late embryo mortality did not comply with the error normality assumption, and were transformed [Y= √(Y+0.5)] to be submitted to analysis. Tables present the transformed data and the raw data are shown between parentheses.
RESULTS
Internal and external egg quality of the eggs evaluated in the present experiment was not different among the three different collection times (Table 1) .
Pre-storage heating and storage duration interaction significantly (p<0.0001) affected egg weight loss during storage, incubation period, and total experimental period (storage + incubation) ( Table 2) . Egg weight loss increased as a function of storage period at any preheating period. Eggs stored for nine or 14 days also lost weight as a function of heating period. However, eggs stored for four days presented higher weight loss when heated for six and 12 hours as compared to nonheated eggs (Table 2) . During incubation, egg weight loss was not different among heating periods when stored for nine and 14 days, but when stored for four days, weight loss was higher in eggs heated for 12 hours as compared to the non-heated eggs. In these eggs, weight loss increased as storage period increased. On the other hand, weight loss in eggs heated for 12 hours decreased as storage period increased, whereas eggs heated for six hours did not present weight loss differences as a function of storage period (Table 2) . Egg weight loss measured during the entire experimental period (storage plus incubation) showed that eggs stored for nine and 14 days were not influenced by heating period. Eggs stored for four days and heated for six or twelve hours presented higher weight loss as compared to non-heated eggs. Weight loss of non-heated eggs was proportional to storage period, whereas eggs heated for six hours lost more weight as compared to those stored for 14 days, and those heated for 12 hours were not affected by storage period (Table 2) . Hatchability results are shown in Table 3 . There was a significant effect of the interaction between experimental factors on hatchability at 480 hours (p<0.0001). In addition, this parameter decreased as storage period increased, independent of heating period. When eggs were stored for four days, heating for six and 12 hours promoted higher hatchability as compared to non-heated eggs. Eggs stored for nine and 12 days presented higher hatchability when heated for six hours as compared to non-heated eggs or those heated for 12 hours (Table 3) . stored for four days, independent of heating period, whereas those stored for nine and 14 days presented higher early embryo mortality when heated for 12 hours (Table 5) . The percentage of pipped eggs at the transference from the incubator to the hatcher was influenced by the interaction between the experimental factors (Table  5) . Pre-storage heating increased that percentage, except for eggs stored for 14 days. Also, storage period had no effect on pipped egg percentage when eggs were not heated. Heating for six hours resulted in the lowest pipped egg percentage of eggs stored for nine and 14 days, whereas when eggs were heated for 12 hours pipped egg percentage decreased as storage period increased (Table 6 ). There was a significant effect (p<0.0001) of the interaction between heating and storage periods on total hatchability at 498 hours of incubation. Eggs stored for nine and 14 days presented lower hatchability when heated for 12 hours, whereas hatchability was not affected by heating period when eggs were stored for four days. Non-heated eggs had lower hatchability when stored for 14 days as compared to those stored for four days. Eggs heated for six hours presented higher hatchability when stored for four and nine days as compared to 14 days. The hatchability of eggs heated for 12 hours decreased as storage period increased (Table 3) .
Intermediate embryo mortality (8 to 14 days) was not influenced by the experimental treatments (p>0.05) ( Table 4) . On the other hand, individual factors affected late embryo mortality (15 to 21 days) (p<0.005), with heating for six hours resulting in the lowest late embryo mortality (0.15%) and not heating, the highest (3.94%). Storage for 14 days led to higher late embryo mortality as compared to four-day storage (0.75%). Late embryo mortality of eggs stored for nine days (1.82%) was not significantly different from eggs stored for four or 12 days. Means followed by the same letters in the same column and for the same factor are not different by the test of Tukey (p>0.05). 1 -The observed interaction between factors is detailed in Table 5 . 2 -Data were transformed for analysis [Y= √ (Y+0.5)]. Non-transformed data are presented between parentheses.
A significant interaction (p<0.0001) was detected between the experimental factors on early embryo mortality (1 to 7 days) ( Table 5) , showing that heating for 12 hours increased early embryo mortality as storage period increased. Non-heated eggs and those heated for six hours did not present differences in early embryo mortality, independent of storage period. There was no difference in the early embryo mortality of eggs
DISCUSSION
The different collection times could influence internal and external egg quality, as egg weight and yolk percentage increase and albumen and eggshell percentages decrease as a function of broiler breeder age (Vieira & Moran, 1998) , and these changes affect embryo development (Burke et al., 1997; Peebles et al., 2000) . In the present study, egg external and internal quality was not influenced by collection time (Table 1) , which evidences sampling consistence and that collection day did not directly or indirectly affect the evaluated parameter.
Embryo stage is not changed by storage period when storage temperature is below embryo development physiological zero (20 -21°C). However, due to long storage, blastoderm degenerates, presenting vacuoli in the zona pellucida and stains in the yolk (Fasenko et al., 1992) . In the present experiment, eggs were heated before storage (0, 6, or 12 hours at 36.92°C), and were subsequently stored at 12.06°C, thereby ensuring that the embryo development stage achieved by heating was maintained throughout storage.
The experiment showed that storage extended for 14 days markedly impaired incubation results due to higher egg weight loss (Table 2) , to longer incubation period, as shown by the percentage of pipped eggs at transference (Table 6 ) and the percentage of late embryo mortality (Table 4) , as well as to lower hatchability (Table 3) . Haque et al. (1996) observed lower embryo metabolic rate (oxygen consumption) particularly during the last stage of embryo development, as well as changes in the circulatory system during embryogenesis as storage period increased. This could explain the increase in incubation period and in late embryo mortality found. In addition, when eggs were pre-heated for 12 hours, early embryo mortality increased (Table 5 ). The former results are consistent with the findings of Fasenko et al. (2001a) , who observed lower hatchability and higher late embryo mortality of embryos stored for 14 days as compared to four days of storage. Early and late embryo mortalities usually occur during incubation. Early embryo mortality is due to high embryo susceptibility to metabolic or genetic errors, or to stressing factors during the first stages of development (Boleli, 2003) , whereas late embryo mortality is caused by adverse conditions during incubation, transference, or hatching (López de Alda, 2003) .
Late mortality in the present study increased with the period of egg storage before hatching. Eggs stored for 14 days and pre-heated for six hours presented lower late embryo mortality (from 3.54% in non-heated eggs to 0.15%) and lower incubation length, with 46% of hatching in eggs heated for six hours, and only 25% of hatching in non-heated eggs. This effect was also observed with eggs were stored for four and nine days. Therefore, heating the eggs for six hours before storage may be considered as a good practice to improve incubation results of eggs stored for short, intermediate, and long periods. In addition, pre-heating the eggs for six hours resulted in the highest average hatchability (90%) at 498 hours.
On the other hand, in the study of Fasenko et al. (2001a) , incubation results of eggs pre-heated for 12 hours before storage for 14 days were similar to those of non-heated eggs stored for four days. These authors observed that six hours is the heating duration required to the complete formation of hypoblast in the embryo, and suggest a pre-storage heating period of chicken settable eggs between 0 and 2 hours. Conversely, in the present experiment, heating for 12 hours caused worse hatchability in eggs stored for nine or 14 days, probably because it took the embryos to a development stage after XIII EGK, which is the stage that promotes the highest embryo survival when eggs are submitted to long storage periods (Fasenko et al., 2001a; Malecki et al., 2005) . In addition, eggs heated for 12 hours before nine and 14 days of storage presented high egg weight loss after storage, which may be related to their low hatchability. Long periods of storage may also increase the probability of bacterial contamination, as cuticle quality deteriorates (De Reu et al., 2006) . Also, these embryos were more susceptible to temperature changes from storage to incubation, contributing to their higher early embryo mortality. These findings indicated that heating the eggs for 12 hours before storage was not a proper treatment for eggs stored for nine or 14 days.
Finally, it is important to highlight that, independent of heating period (0, 6, or 12 hours), storing the eggs for 14 days markedly impaired incubation results. Despite the positive effect of heating the egg for six hours before storage on late embryo mortality and incubation length, the results of eggs stored for 14 days for all studied parameters were always worse as compared to the other storage periods, and therefore this practice is not recommended.
CONCLUSIONS
Heating eggs for six hour before storage improves incubation results as it decreases incubation length and late embryo mortality, therefore its use may be indicated in commercial operations. Storing eggs for 14 days and pre-heating for 12 hours severely impair incubation results, and therefore, are not recommended.
